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PATENT 

SEMICONDUCTOR RESISTOR 
AND METHOD OF FORMING THE RESISTOR 
THAT IMPROVES THE ACCURACY OF THE WIDTH MEASUREMENT 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a plan view illustrating an example of a semiconductor 
resistor 100 in accordance with the present invention- FIG. IB is a 
cross-sectional view of resistor 100 taken along line IB-IB of FIG. lA. 
10 FIG. IC is a plan view illustrating an example of an alternate 

embodiment of resistor 100 in accordance with the present invention. 
FIG. ID is a cross-sectional view of resistor 100 taken along line ID-ID 
of FIG. IC. 

FIG. 2A is a plan view illustrating an example of a semiconductor 
15 resistor 200 in accordance with an alternate embodiment of the present 
invention. FIG. 2B is a cross-sectional view of resistor 200 taken along 
line 2B-2B of FIG. 2A. FIG. 2C is a plan view illustrating an example of 
an alternate embodiment of resistor 200 in accordance with the present 
invention. FIG. 2D is a cross-sectional view of resistor 200 taken along 
20 line 2D-2D of FIG. 2C. 

FIGs. 3A-3E are cross-sectional diagrams illustrating an example 
of a method 300 of forming a resistor in accordance with the present 
invention. 

FIG. 4 is a plan view illustrating an example of a semiconductor 
25 device that results following the etch of polysilicon layer 320 and the 
removal of gate masks 322A and 322B in accordance with the present 
invention. 

FIG. 5 is a plan view illustrating an example of a semiconductor 
device that results following the formation of salacide exclusion mask 
30 340 in accordance with the present invention, 
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FIG. 6 is a plan view illustrating an example of a method 600 of 
forming a resistor in accordance with an alternate embodiment of the 
present invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

FIG. lA shows a plan view that Illustrates an example of a 

semiconductor resistor 100 In accordance with the present Invention. 

FIG. IB shows a cross-sectional view of resistor 100 taken along line IB- 
10 IB of FIG. lA. As described In greater detail below, resistor 100 utilizes 

a gate mask to define the width of resistor 100 which, In turn. Improves 

the accuracy of the width measurement of resistor 100. 

As shown in FIGs. lA-lB, resistor 100, which Is formed In a p- 

type semiconductor material 110, such as a well, includes an active 
15 region 112 of semiconductor material 110, and an isolation region 114 

that Is formed in material 110 to surround active region 112 and isolate 

active region 112 from laterally adjacent regions. 

Resistor 100 also includes a layer of gate oxide 115 that is formed 

on active region 112, and a pair of spaced apart polysilicon structures 
20 120A and 1208 that is formed on Isolation region 114 and gate oxide 

layer 116 so that polysilicon structures 120A and 120B lie partially over 

active region 112. 

In accordance with the present Invention, polysilicon structures 

120A and 120B define two sides, and Isolation region 114 defines two 
25 sides, of a resistor opening 122. Resistor opening 122, In turn, exposes 

a surface area of active region 112 that lies underneath gate oxide layer 

116. 

In the present example, resistor opening 122 Is formed to have a 
substantially uniform width W which, for example, can be equal to the 
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minimum dimension that is photolithographically obtainable by a given 
fabrication process. (Alternately, resistor opening 122 can have other 
than a substantially uniform width.) 

As further shown in the FIGs. lA-lB, resistor 100 includes an n+ 
5 region 124, an n- region 126A, and an n- region 126B that are formed in 
active region 112. In addition, n- region 126A contacts a first side of n+ 
region 124, and n- region 126B contacts a second opposite side of n+ 
region 124. N+ region 124, n- region 126A, and n- region 1268 form a 
doped resistor region 130. 

10 In addition, resistor 100 includes a side walj 132A and a side wall 

132B that are formed on gate oxide layer 116. Side wall 132A contacts 
the side walls of polysilicon structure 120A, while side wall 132B 
contacts the side walls of polysilicon structure 120B. N- region 126A lies 
directly under a portion of side wall 132A, while n- region 126B lies 

15 directly under a portion of side wall 132B. 

Further, resistor 100 includes a layer of silicide (salacide) 134A 
and a layer of silicide (salacide) 134B that are formed through gate 
oxide layer 116. Salacide layer 134A contacts the top surface of a first 
end region of doped resistor region 130, while salacide layer 134B 

20 contacts the top surface of a second end region of doped resistor region 
130. The first and second end regions of doped resistor region 130 are 
the opposite ends length-wise of doped resistor region 130. 

Resistor 100 additionally includes a layer of insulation material 
136, and a pair of spaced apart contacts 140A and 140B. Insulation 

25 layer 136 is formed on isolation region 114, gate oxide layer 116, 
polysilicon regions 120A and 120B, and side walls 132A and 132B. 
Contacts 140A and 140B are formed through gate oxide layer 116 and 
insulation layer 136 to make electrical connections with salacide layers 
134A and 134B, respectively. When connected to different potentials, a 
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current flows into one of the contacts, such as contact 140A, and flows 
out of the other contact, such as contact 140B. 

In addition, resistor 100 can include layers of silicide 142A and 
142B that are formed on polysilicon structures 120A and 120B, and a 
5 pair of contacts 144A and 1448 that are formed through insulation layer 
136 to make electrical connections with metal silicide layers 142A and 
1428, respectively. 

Contacts 144A and 1448 are electrically connected to 
semiconductor material 110 via the interconnect structure, e.g, via one 

10 or more metal traces and one or more contacts. This maintains an 
equal potential between contacts 144A and 1448 and semiconductor 
material 110, thereby preventing the surface of active region 112 under 
polysilicon structures 120A and 1208 from inadvertently inverting. 

The resistance of resistor 100 is defined by, among other things, 

15 the length and width of resistor 100. The length of resistor 100 is 
defined by the spacing between contacts 140A and 1408. In 
accordance with the present invention, the width of resistor 100 is 
defined by the width W of resistor opening 122. 

The width W of resistor opening 122 is the distance separating 

20 polysilicon structures 120A and 1208 which, in turn, can be equal to the 
minimum feature size that is photolithographically obtainable with the 
fabrication process. Thus, the width of resistor 100 can be defined to 
be, for example, ±10% of the minimum photolithographic feature size, 
which improves the accuracy of the width measurement of resistor 100. 

25 FIG. IC shows a plan view that illustrates an example of an 

alternate embodiment of resistor 100 in accordance with the present 
invention. FIG. ID shows a cross-sectional view of resistor 100 taken 
along line ID-ID of FIG. IC. As shown in FIGs. IC and ID, rather than 
using spaced-apart polysilicon structures 120A and 120B, a single 
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polysilicon structure 150 that has an enclosed opening that defines 
resistor opening 122 can alternately be used. 

In addition, a side wall 152 and a side wall 154 are formed on 
gate oxide layer 116. Side wall 152 contacts the inner side walls of 
5 polysilicon structure 150, and side wall 154 contacts the outer side walls 
of polysilicon structure 150. (Resistor opening 122 can alternately be 
smaller so that only active region 112 is exposed.) 

FIG. 2A shows a plan view that illustrates an example of a 
semiconductor resistor 200 in accordance with an alternate embodiment 

10 of the present invention. FIG. 2B shows a cross-sectional view of 

resistor 200 taken along line 2B-2B of FIG. 2A. Resistor 200 is similar to 
resistor 100 and, as a result, utilizes the same reference numerals to 
designate the structures which are common to both resistors. 

As shown in FIGs. 2A-2B, resistor 200 differs from resistor 100 in 

15 that resistor 200 includes a single metal silicide (salacide) layer 210 that 
is formed on the surface of n-h region 124 in lieu of spaced apart layers 
134A and 1348. Contacts 140A and 140B, in turn, are formed on metal 
silicide layer 210 to make electrical connections with metal silicide layer 
210. Resistor 200 has lower resistivity than resistor 100. 

20 FIG. 2C shows a plan view that illustrates an example of an 

alternate embodiment of resistor 200 in accordance with the present 
Invention. FIG. 2D shows a cross-sectional view of resistor 200 taken 
along line 2D-2D of FIG. 2C. As shown in RGs. 2C and 2D, rather than 
using spaced-apart polysilicon structures 120A and 120B, a single 

25 polysilicon structure 250 that has an enclosed opening that defines 
resistor opening 122 can alternately be used. In addition, a side wall 
252 and a side wall 254 are formed on gate oxide layer 116. Side wall 
252 contacts the inner side walls of polysilicon structure 250, and side 
wall 254 contacts the outer side walls of polysilicon structure 250. 
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FIGs. 3A-3E show cross-sectional diagrams that illustrate an 
example of a method 300 of forming a resistor in accordance with the 
present invention. As shown in FIG. 3A, method 300 utilizes a 
conventionally formed semiconductor structure. The semiconductor 
5 structure, which is formed in a p-type semiconductor material 310, such 
as a well, includes an active region 312 of semiconductor material 310, 
and an isolation region 314 that Is formed in material 310 to surround 
active region 312 and Isolate active region 312 from laterally adjacent 
regions. 

10 As further shown in FIG. 3A, method 300 begins by forming a 

layer of gate oxide 316 on active region 312. After gate oxide layer 316 
has been formed, a layer of polysilicon (poly) 320 is formed on isolation 
region 314 and oxide layer 316, Once poly layer 320 has been formed, 
a pair of gate masks 322A and 322B is formed and patterned on poly 

15 layer 320. 

In the present example, gate masks 322A and 322B are spaced 
apart and have a substantially uniform separation S which, for example, 
can be equal to the minimum dimension that is photolithographically 
obtainable by a fabrication process. (Alternately, gate masks 322A and 

20 322B can have other than a substantially uniform separation between 
each other. In addition, gate masks 322A and 322B can be formed as a 
single mask that has an enclosed opening with width S.) 

As shown in FIG. 3B, after gate masks 322A and 322B have been 
formed, the exposed regions of poly layer 320 are etched to form 

25 polysilicon structures 320A and 320B. Gate masks 322A and 322B are 
then removed. Polysilicon structures 320A and 320B, which are similar 
to polysilicon structures 120A and 120B, along with isolation region 314, 
define a first resistor region 324 on the surface of active region 312. 
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FIG. 4 shows a plan view that illustrates an example of a 
semiconductor device that results following the etch of polysilicon layer 
320 and the removal of gate masks 322A and 322B in accordance with 
the present invention. As shown in FIG. 4, polysilicon structures 320A 
5 and 320B along with isolation region 314 define a first resistor region 
324 on the surface of active region 312. 

Turning next to FIG. 3C, once gate masks 322A and 322B have 
been removed, first resistor region 324 of active region 312 Is implanted 
with a dopant to form an n- region 326. Next, a layer of insulation 

10 material (not shown) is deposited on isolation region 314, gate oxide 
layer 316, and polysilicon structures 320A and 3208. 

The layer of insulation material is then anisotropically etched until 
the layer of insulation material has been removed from the top surface 
of polysilicon structures 320A and 320B to form a side wall spacer 330 

15 that contacts the side wall of polysilicon structure 320A, and a side wall 
spacer 332 that contacts the side wall of polysilicon structure 320B. 
Side wall spacers 330 and 332 define a second resistor region on the 
surface of active region 312 that lies between spacers 330 and 332 
within first resistor region 324. 

20 As shown in FIG. 3D, after side wall spacers 330 and 332 have 

been formed, the second resistor region of active region 312 is 
implanted with a dopant to form an n+ region 334. Following this, a 
layer of insulation material 336 is formed and planarized on isolation 
region 314, gate oxide layer 316, polysilicon structures 320A and 320B, 

25 and side wall spacers 330 and 332. Next, a salacide exclusion mask 340 
is formed and patterned on insulation layer 336. 

FIG. 5 shows a plan view that illustrates an example of a 
semiconductor device that results following the formation of salacide 
exclusion mask 340 in accordance with the present invention. As shown 
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in FIG. 5, mask 340 includes a pair of contact-sized openings 510 that 
overlie first and second opposite ends length-wise of n+ region 334, and 
a pair of contact-sized openings 512 that overlie surface regions of 
polysilicon structures 320A and 320B. 
5 Following this, as shown in FIG. 3E, the exposed regions of 

insulation layer 336 and the underlying layer of gate oxide layer 116 are 
etched until n+ region 334 has been exposed to form openings 342 at 
opposite ends of nn- region 334, and on the surface regions of 
polysilicon structures 320A and 320B. Mask 340 is removed following 
10 the etch. 

Once mask 340 has been removed, a layer of metal silicide is 
deposited, and then reacted to form a layer of metal salacide 344 on 
opposite ends of n+ region 334, and the surface regions of polysilicon 
structures 320A and 320B. Next, a layer of contact material is formed 

15 on insulation layer 335 and metal salacide region 344 to fill up the 

openings 342, and then planarized to remove the contact material from 
the top surface of insulation layer 336 and form metal contacts 346. 
Contacts 346, which are similar to contacts 140A and 1408, and 
contacts 142A and 1428, make electrical connections with metal salacide 

20 layers 344. After contacts 346 have been formed, the method continues 
with conventional steps. 

FIG. 6 shows a plan view that illustrates an example of a method 
600 of forming a resistor in accordance with an alternate embodiment of 
the present invention. Method 600 is the same as method 300 except 

25 that, as shown in FIG. 6, salacide exclusion mask 340 includes a pair of 
contact-sized openings 610 that overlies surface regions of polysilicon 
structures 320A and 3208, and a long narrow opening 612 that overlies 
the surface of n+ region 334. Thus, when the layer of metal silicide is 
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deposited and reacted, the entire surface of n+ region 334 is covered 
with a layer of metal salacide. 

In addition to improving the accuracy of the width measurement, 
another advantage of the present invention is that resistors 100 and 200 . 
5 can be formed at the same time that MOS transistors on other portions 
of a die are formed. For example, oxide layer 316 can be formed at the 
same time that a layer of gate oxide layer is formed on other portions of 
the die, while polysilicon layer 320 can be formed at the same time that 
a layer of polysilicon is deposited on other parts of the die. 

10 In addition, gate masks 322A and 322B can be formed at the 

same time that the MOS transistor gate masks are formed, while 
polysilicon layer 320 can be etched at the same time that the polysilicon 
layer is etched to form the gates of the transistors that are located on 
other parts of the die. 

15 It should be understood that the above descriptions are examples 

of the present invention, and that various alternatives of the invention 
described herein may be employed in practicing the invention. Thus, it 
is intended that the following claims define the scope of the invention 
and that structures and methods within the scope of these claims and 

20 their equivalents be covered thereby. 
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